Molecular characterization provides basic vital information on the degree of genetic diversity among genetic materials which guides development of breeding programme and inform strategies on genetic conservation of important accessions. A total of 21 SSR markers were used to characterize 25 rice genotypes. The 21 microsatellite markers were highly polymorphic and allele number per locus ranged from 3 alleles (RM 224, RM 229, RM 256, RM 413, RM 3, RM 276, RM 219, RM 88 and RM 349) to 5 alleles (RM 247 and RM 288), with a mean of 3.67 alleles through the 21 loci obtained in the study. The content value of the polymorphic information ranged from 0.372 in RM 88 to 0.503 in RM 256 with overall average of 0.422 in all the 21 loci. PIC values indicated that RM 256 was the best marker for the identification of the rice genotypes. The main allele frequency at each locus ranged from 54.5% (RM 219) to 69.3% (RM 229). The pairwise genetic dissimilarity coefficient showed that the highest genetic distance was obtained between NERICA 2 and MR 220; NERICA 2 and MR 263; and finally between WITA 4 and NERICA 2 (76.0%). The lowest genetic Osekita and Lewu; AJRCS, 3(1): 1-16, 2019; Article no.AJRCS.46803 2 dissimilarity was between NERICA 6 and NERICA 8 (19.0%) followed by WITA 4 and NERICA L 34; BW 348-1 and IWA 10 (24.0%). Intercrossing far related genotypes could yield hybrids of high heterosis using SSR marker. Cluster analysis revealed reasonable levels of locational groupings among the genotypes.
INTRODUCTION
Most often morphological traits are controlled by polygenes and quantitative agronomic traits are used to measure differences among populations in order to resolve complex genetic issues like stress tolerance and yield potential. Morphological traits are relatively less expensive but not as reliable as DNA fingerprinting techniques for precise discrimination and analysis of closely related species. Notwithstanding, morphological traits still remains useful for preliminary evaluation of genetic materials because it is relatively simple, less expensive and applicable as a general approach for assessing genetic diversity among morphologically different accessions [1] . Therefore, morphological characterization becomes the most convenient and sustainable method of taxa discrimination in developing countries than other methods. Farmers can easily understand and adopt results from studies based on morphological data compared to other methods. According to Nassir and Ariyo [2] , the direct identification of character expression with particular genotypes under real-time field conditions remains a unique point for field-based multivariate analysis compared with laboratory techniques which classify variability at the level of DNA. Detection of DNA variation and characterization of accessions by molecular methods is a major advantage in the direct investigation of genotypic information by excluding environmental influences. In addition, molecular methods can be used at early plant growth stage which saves costs and time. Molecular markers can therefore complement existing estimation of phenotypic diversity for the construction of core collection in the management of Gene bank [3] . In rice breeding programmes, molecular markers could serve as an assessment tool for the effective determination of genetic relatedness among selected lines. Also, the tool is useful in the quantification of allelic diversity in crop with potential to provide distinctive DNA fingerprints for every genetically dissimilar genotype which is important in the identification of differences in cultivars. At protein and DNA levels the assessment of genetic diversity among germplasm has been achieved through protein and molecular marker techniques [4] . Several DNA amplification methods which include: Protein based markers i.e. isozymes [5] DNA based markers e.g. Restriction Fragment Length Polymorphism (RFLP) [6] , Microsatellite or Simple Sequence Repeat (SSR) [7] Random Amplified Polymorphic DNA (RAPD) [8] and Amplified Fragment Length Polymorphism (AFLP) [9] have been reported in literature. Simple sequence repeat is an important tool for genetic variation identification of germplasm [10, 11, 12] . It has some advantages such a simplicity, quickness, rich polymorphism and stability which is generally applied in genetic diversity analysis, molecular map construction and gene mapping [13, 11, 12] , also in gene purity test [14] ; [11, 12] , fingerprint construction and analysis of germplasm diversity [15, 16, 17, 11] and [12] . There are two basic conservation strategies, each composed of various techniques that the conservationist can adopt to conserve genetic diversity once it has been located. The two strategies are Ex situ and In situ. Ex situ conservation means the conservation of components of biological diversity outside their natural habitat. It involves techniques such as Seed Storage, Field Gene Banks, In Vitro Storage, DNA Storage, Pollen Storage and Botanical Gardens. While In situ conservation means the conservation of ecosystem, natural habitat and maintenance and recovery of valuable populations of species in their natural surroundings where they have developed their distinctive properties. On-farm conservation and genetic reserves are forms of In situ conservation [18] . The existing rice biodiversity in Nigeria can be properly conserved by giving unwavering attention to careful management and proper documentation to bridge the gap between germplasm available and germplasm utilized in breeding programs. There should be rice germplasm collection with a sense of mission to unexplored and under explored regions of the country while effort to conserve genetic resources such as released varieties, breeding lines, land races etc. at research institutes is accelerated. Rice germplasm should be assigned national accession numbers after eliminating the duplicates through systematic evaluation. Also, attribute based core collection of indigenous rice should be developed. The current study focuses on the characterization of twenty-five rice genotypes with a view to determining the genetic relationship and diversity among the genotypes which could provide more information on conservation strategies and rice breeding programmes.
MATERIALS AND METHODS

Germplasm Collection and Extraction of Genomic DNA from Rice Leaves
Twenty-five genotypes of rice ( 
SSR Data Analysis
Size of most strongly amplified fragments was determined by comparing the migration distance of amplified fragments relative to the molecular weight of known size markers, 100bps (bp) DNA ladder using Alpha-Ease FC 5.0 software (Alpha Innotech, USA). The number of alleles per locus, major allele frequency, gene diversity and PIC values were calculated using PowerMaker version 3.25 [22] also, PIC analysis to be described and formula for its computation [23] as shown below; PIC = ∑ Where x i is the relative frequency of the ith allele of the SSR loci.
All the genotypes were scored for the presence and absence of the SSR bands throughout all the 25 rice genotypes and the data were exported to binary data for the presence (1) or absence (0) or as a missing observation for further analysis with NTSYS-pc version 2.2 [24] . This was used to construct a UPGMA (Unweighted pair group method with arithmetic averages) dendrogram showing the distance-based interrelationship among the genotypes.
RESULTS
DNA Quantification and Quality Assessment
The result of DNA quantification and quality measurement from Nanodrop photometer is presented in Table 2 . Twenty five rice genotypes were used for the molecular work, 21 SSR primers were selected from the published rice microsatellite framework map that showed polymorphism for the assessment of genetic diversity across selected rice genotypes. From the quantification results in Table 2 , the ratio of values of 260/280 absorbance ranged from 1.73 -2.01 demonstrating high purity of the DNA; an indication that the DNA used for this experiment was free of protein, polysaccharides and other contaminants. The Twenty two Traits linked microsatellite (SSR) markers used to assess genetic diversity among 25 rice genotypes with forward and reverse sequences of nucleotides were presented in (Table 3) with repeat motif of the SSR markers, location and number of repeats as previously published (http://www.gramene.org).
Allelic and Gene Diversity
Twenty one primers were used across 25 rice genotypes for their characterization and discrimination for both upland and lowland rice genotypes ( 
Polymorphic Information Content (PIC) Value
SSR markers were highly informative and polymorphic as evident from its PIC value which is a measure of polymorphism among genotypes for a marker locus used in linkage analysis. The PIC value of each marker which can be evaluated on the basis of its alleles, varied greatly for all tested SSR loci from 0.369 to 0.503 with mean value of 0.422 ( 
Pairwise Genetic Dissimilarity
A dissimilarity matrix was used for the determination of the level of relatedness among studied genotypes. The pairwise genetic dissimilarity indices ( 
Cluster Analysis
An unrooted neighbor-joining tree showing the genetic relationships among exotic and Nigerian elite genotypes obtained from SSR marker analysis is presented in Fig. 8 
DISCUSSION
Genetic diversity assessment of rice genotypes is a vital component in germplasm characterization and conservation for the potential identification of parents [12] . Morphological and seed traits have been used to study taxonomy and variability among plant species [25] . Among several other methods, microsatellites are among the most broadly used DNA marker for various purposes which include genetic diversity study, genome mapping and identification of crop varieties [26] . Unlike the morphological and biochemical markers, environmental factors and agronomic practices do not have influence on the outcome of molecular markers techniques [27] . Previous workers [28, 29] have reported the use of molecular markers to investigate genotypic variations among different cultivars. The present investigation addresses the utilization of 21 SSR (microsatellite) markers to reveal genetic polymorphism and ensures unambiguous identification of 25 rice accessions consisting of both exotic and Nigerian elite genotypes. The mean alleles (3.67) obtained in the current study is comparable with previous study by Etemad et al. [30] that reported 3.57 alleles per SSR locus used on 26 accessions of rice which consist of 13 Iranian and 13 Malaysian cultivars. In a different report, Hossain et al. [31] discovered an average of 3.8 alleles per locus in landraces of Bangladeshi aromatic rice. The results of this study can be compared to 2.0 -5.5 alleles per SSR locus for several classes of microsatellites described by Cho et al. [32] in a study using different genotypes of rice germplasms. Similar result was obtained by Mahalingam et al.; [33] who found 2.46 average number of alleles per SSR locus. Wong et al. [34] reported the genetic relationship and diversity among 8 Bario rice cultivars using 12 SSR primers. The stuy detected a total of 31alleles with an average number of 2.6 alleles per locus, which is lower than the result obtained in this study.
The results of Hossain et al. [35] observed 3 to 9 alleles with an average of 4.53 alleles per locus for 30 microsatellite markers. Similar results was also reported by Siwach et al. [36] with an average allele of 4.58 per locus for the various classes of microsatellites used. In the present study, the number of alleles detected was lower than the average number of alleles reported in earlier works [37, 38, 39, 40, 41] which reported an average of 11.9, 7.8, 14.6, 7.7 and 11.85 alleles per locus using rice genetic resources from USA, India, a diverse collection of Portuguese rice, landraces from China and wild rice (Oryza rufipogon) from North-eastern Thailand and Laos respectively.
Markers with the highest number of identifiable alleles could be the best markers for molecular characterization and diversity study. In the present report, the level of polymorphism determined by the PIC value (mean = 0.48) is consistent with the reported PIC value in previous works [42, 34, 31, 12] . According to early reports, PIC values ranged from as low as 0.24 to a high of 0.92 with an averaged of 0.61 [38] and 0.19 to 0.90 range with an average of 0.75 [43] , which is markedly higher than the result of this study. Mahalingam et al. [33] and Upadhyay et al. [44] reported average PIC values of 0.44 and 0.78 respectively. This study revealed that RM 256 with the highest PIC value would be best in screening the 25 rice genotypes followed by RM 304, RM 3 and so on. Thus, PIC value indicates that all these primers were highly informative and capable of distinguishing between genotypes.
The genetic dissimilarity between the 25 rice genotypes was also determined using a dissimilarity matrix. Generally, modern rice cultivars shared a relatively narrow genetic background when compared to the unexplored vast variability existing in rice landraces worldwide. Thus, it is highly essential not to only conserve landrace genotypes, but also to reveal the gene pool of rice landraces in order to unlock valuable genes that could be useful for breeding programmes [45] . As revealed by microsatellite markers in this report, the high range of genotypic similarity values provides better confidence for the assessments of genetic relatedness and diversity which can be employed in future breeding and conservation programmes.
Using SSR markers and cluster analysis, diverse distantly related rice genotypes could be combined by intercrossing genotypes to obtain new hybrids with highest heterosis. Significant greater allelic diversity of microsatellite markers have been reported more than other molecular markers [46] . A close assessment of the 25 genotypes studied revealed relatively high similarity among accessions from the same origin. For instance, 60% of the accessions from IITA formed paired clusters. Of the 3 accesions from Malaysia, cluster analysis paired 2 genotypes from Malaysia with the third paring with one of the IITA genotypes. Apart from the pair of IRO 7A & IRO 6N (from the same location), Abakaliki formed pair of clusters with other genotypes collected from IITA. Besides the 3 genotypes identified as IITA-Phillipines, it is possible that the genotypes from IITA genebank share same origin with genotypes from Malaysia. In addition, Abakaliki genotypes demonstrated relatively high genetic relationship with IITA collections which could have been the original source of the materials renamed by NARES scientists. It could be concluded that all the genotypes in this study exhibited reasonable level of locational groupings [25] .
CONCLUSION
The results of the diversity studies using microsatellite markers revealed the degree of similarity among the rice genotypes and were clustered into four dictinct classes according UPGMA analysis and that distantly related genotypes may be combined by intercrossing to get hybrid varieties. Also the application of molecular techniques in the study of genetic diversity and characterization would be of great help in identifying the relatedness of rice genotypes and assist in the selection of parents for hybridization purposes. Therefore, increasing the number of markers would give a clear idear about the genetic variation and diversity which would ultimately be of interest in the development of rice varieties. In addition, the identification of closely related genotypes through the application of molecular technique could assist to reduce high population of genetic materials in medium-term Genebank by transfering these materials into long term preservation. Information on specific genotypes of interest to local and international research communities combined with verse documentation of closely related genotypes can be use to inform conservation strategies.
